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(54) Method of indicating a cure point for ultraviolet radiation curing compositions by color 
change 

(57) Adding a dye with a visfcle color to an ultravio- 
let radiation curable corrpositkr».wrwch csrrtajns a J3*h> 

toinftiator which generates free radicals upon exposure 
to ultraviolet racfiation produces a composition which 
changes visible color upon exposure to ultraviolet radia- 
tion. This visible color change indicates that the compo- 
sition has cured. This cure indication is useful for 
compositions curable by ultraviolet radiation in the elec- 
tronics and electrical industry. 
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(54) Method of indicating a cure point for ultraviolet radiation curing compositions by color 
change 

(57) Adding a dye with a visfele color to an ultraviolet 
radiation curable composition which contains a photoirv 

Hiator which generates free radcals upon e*»sure to . 

ultraviolet radiation produces a composition which 
changes visible color upon exposure to ultraviolet radia- 
tion This visWe color change irxlicates thai the compo- 
sition has cured. This cure indication is useful tor 
conposrtions curable by ultraviolet radiation in the elec- 
trons and electrical industry 
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Description 

This invention relates to a method of curing compositions by ultraviolet radiation. 

The curing of an ultraviolet radiation curable composition upon exposure to ultraviolet racfiation varies with the kind 
5 of ingredients making up the composition, the kind of equipment used for generating the ultraviolet radiation, the geometry 
of the device having a film, coating or encapsulant to be cured and the curing conditions to which the device is exposed. 
These variables make it difficult to determine at what point the composition is sufficiently cured. Many times to avoid the 
chance that a composition may be under cured, the dosage of ultraviolet (UV) radiation which is given to the items to 
be cured is excessive. Excessive dosages may not harm the items, but they could and. furthermore, using excessive 
io dosages is expensive and a waste of resource Therefore, the discovery of the present method permits establishing 
curing conditions which can result in sufficient cure without either under curing or overcuhng. 

Materials for the electrical and electronics industry need to meet stricter requirements because the electronic devices 
are becoming smaller and more complex. The field of printed circuit boards is no exception. The various coatings require 
that the materials protect the electronic devices and c o m p on ents from the env ir o nmen t s which they may encounter 
75 either during processing or in use. Coating printed circuit boards with compositions which will cure to a film and which 
will provide the required protection without changing the designed electronic properties or otherwise damage the boards 
components is difficult to achieve because the components are very small and often of shapes and design which 
demands compositions which have special uncured properties, special curing properties and special application prop- 
erties. 

20 Printed circuit boards often need to be protected from contamination of the electrical and electronic components. 
This protection can be provided by coating or encapsulating the device bearing board with a protective film to avoid or 
minimize the reduction in the electrical performance due to contamination. Moisture and humidity are considered to be 
the worst contaminant because it must be dealt with in most environments. Moisture and humidity can drastically lower 
insulation resistance between conductors, accelerate high voltage breakdown, accelerate dendritic growth and corrode 

25 the conductors. Other than moisture, chemical contaminants from the environment sue* as dust dirt, solvents, acids, 
fungus, oils and fuels or those which are used in the manufacturing process such as organic solvents, fluxes, vapors, 
acids, release agents and metal dust. Handling a printed circuit board can also cause con ta min a tion, for example, from 
fingerprints. Conformal coatings are also used to protect the electronic components from the harmful aspects of extremes 
in temperature, shock and abrasion. 

30 Many conformal coatings and potting compositions are known in the art and are available commercially. Each has 
its advantages and disadvantages. One prior art conformal coating material is based on acrylics. Acrylic coatings make 
excellent coating and potting systems because they have desirable electrical and physical properties, are resistant to 
fungus growth, have a long life, low or no exotherm during cure and have little or no shrinkage during cure. From some 
viewpoints, the acrylic coating systems have a production advantage because they can be readily applied by spraying, 

ss dipping or brushing. However this is also a disadvantage because the films are formed from solvent containing acrylic 
systems. The evaporation of the solvent is a slow and expensive step and the solvent vapors need to be controlled for 
environmental reasons. The solvents typically used are the chlorinated solvents, such as trichloroethane and methylene 
chloride. 

The combined impact of high energy costs and more stringent control regulations which restrict emissions of volatile 
40 solvents into the atmosphere has created a need in the coatings industry tor high solids or solvent less systems which 
do not require a large amount of energy tor conversion of the system into a high performance coating. Coatings which 
are 100% solids are known and have a rapid cure at a relatively low conversion energy demand. Such coatings are 
acrytated coatings which cure by ultraviolet radiation or by electron beam exposure. These are aU reasons why it is 
important to have the ability to know when a UV curable composition is cured so that extra energy usage is avoided and 
4$ the cost is kept to a minimum: 

This invention relates to a method of indicating a cure point of an ultraviolet radation curing composition comprising 
adding a non-cure inhrbrting amount of a dye with a viable color to an ultraviolet radiation curable composition comprising 
a photomrtiator which generates free radicals upon exposure to ultraviolet radiation and at least one material which cures 
upon exposure to ultraviolet radiation and thereafter exposing the resulting composition to a dosage of ultraviolet radation 
so which causes the visible color to either disappear or change to a different color indicating that cure has occurred coin* 
bdentally. 

The method of the present invention permits a user of ultraviolet radiation curable compositions to be assured that 
the resulting material is fuly cured. This is accomplished without overcuring by observation of visible cola change. This 
color change occurs when a non-inhibiting amount of a dye with a visible color is added to a composition which cures 
55 by exposure to ultraviolet radiation. The change can be from blue to yellow, from red to yellow, from blue to dear and 
from yellow to clear. This color change usually lasts over long time periods and does not return upon standing. If the 
cure is not surf ka entry complete, the original color will return upon standing over a period of time, such as from a few 
minutes, to an hour or more, to a couple weeks. For purposes of this invention, the use of the term "visible dye' means 
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a dye which will impart a color under ordinary visible light. Also, the color changes are those which are observable in 
ordinary visible Bght 

The visible dyes useful in the present invention are those which, in the presence of free radical generating photoin- 
itiators, change color upon exposure to ultraviolet radiation. This color change occurs and is essentially permanent at 
the point that a U V curable composition is cured upon exposure to UV radiation. Some visible dyes useful in the present 
invention include, but are not limited to, anthraquinone dyes and disazo dyes. Examples of anthraquinone dyes include 

1 -amino-2-txorro^-hydroxyanthraquinone of which Sandopiast Red 2B powder, sold by Sandoz Chemicals. Charlotte. 
North Carolina is an example, a proprietary anthraquinone dye sold by Sandoz Chemical as Nitro Fast Blue 2B. An 
example of a disazo dye is Nitro Fast Yellow B Powder, sold by Sandoz Chemical which has a formula C37H38N4O2. 

The amount of visible dye useful in a particular UV curable composition should be an amount less than that amount 
which will inhibit the cure of the composition upon exposure to UV radiation. For many compositions, the amount will be 
less than about 40 ppm based on the weight of the UV curable composition. From experience, the amount is preferably 
from about 10 ppm to about 40 ppm of the visible dye based on the weight of the UV curable composition. It was found 
that amounts of the visible dye which became too high could I nhibrt the cure of the UV curable composition. The optimum 
amounts of visible dye in a given composition can readily be determined by adding a specific amount of visible dye to 
the composition and observing the cola change, or lack thereof, upon exposure to UV radiation. If too much dye is 
added, no color change takes place, indicating the composition did not cure. At this point, one can increase the dosage 
of UV to determine whether the reason it did not cure was that the dosage was too low. Further, evaluation can be used 
to determine whether the amount of visible dye concentration is too high. 
20 The UV curable c om po siti ons in which this color change can occur are those which contain a photoinrtiator which 
produces free radicals upon exposure to UV radiation and in which there is at least one materia] which cures upon 
exposure to UV radiation. Exanple of photoinitiators which generate free radicals include beroophenone, acetonaph- 
thone. acetophenone. benzoin methyl ether, benzoin isobutyt ether, 2-hydroxy-2-methyl- ^ -phenytpropan- 1 -one, V 
hydroxycyclohexytphenyl ketone, 2.2-diethoxyacetophenone. 3-hydroxypropytphenyt ketone, 3-hydroxypropyl-p.isopro- 
25 pyiphenyl ketone and mixtures thereof such as a mixture of 50 weight percent erf 1 4iydroxycyciohexylphenyt ketone and 
50 weight percent benzophenoneL 

The amount of photoinrtiator is that amount which is conventionally required by the particular composition for curing it. 
The UV curable compositions which can be used in the present invention are those which are curable by photoini- 
tiators which produce free radicate. These corrposrtions can be either silicone compositions, organic compositions or 
30 corrposrtions which contain both silicone compounds (includes polymers) which will cure by exposure to UV radiation 
in the presence of a free radical photoinrtiator and organic compounds (indudes polymers) which cure by exposure to 
UV radiation in the presence of a free radical photoinrtiator. These compositions are well known in the art and include, 
but are not limited to, those which are described herein. Some of the preferred embodiments of UV curable compositions 
usWihW^werrt met^ photoinrtiator are 

3S exposed to U V radiation from conventional equipment and under conditions normally used tar such compositions wherein 
adjustments are made to reach the cure point by observation of the cotor change. The point at which cure is achieved 
results in a color changs. Therefore, the length of time or the dosage of UV radiation can be varied to produce the 
required curs. 

Corrpositions curabls to gels can be those organosiloxane corrposrtions which retain their gel properties at low 
40 terrperaturs. These orgsnostoane compositions cure in the presence z* UV radiation and comprise an alkenyi-con- 
taining potymethytsilaxans with s specified coronation of mono-, d- and trtfunctional sitaxane units, an amount of a 
merc^toalkyl<ontaintng polyorganosilOKans in an amount sufficient to cure the composition to a soft repairable gel 
and an amount of a photoinitiator sulfidert 

The aitaiyi^corrtaining porymethyteikneane consists essentially of 80 to 97 mol percent of (CH 3 )2SiO units. 2 to 1 0 
43 mol percent of CH 3 S«0 1 3 units, 1 to 6 mol percent of (CH 3 hSiO 0 .5 unrts and 0.2 to 4 mol percer* of units represented 
by the formula (CH 3 ) t RiSO (3 . a y 2 . where Ri represents 3<vdohexenyt. cyctohaxenylethyt or CHyCKCH^-. a * 1 or 

2 and x represents 0 or an integ* from 1 to 6, inclusive. The alkenyl«ortaining pdymethyisitoxanes are preferably 
liquids under ambient cbntftion*. 

Thsse aikenyt-<xyTtainsng pdymethylsiloxanes in which the alkenyl group is vinyl is described in United States Patent 
No 4 374967 which issued to Paul Brown et al. on February 22, 1 983. A preferred class of alkenyi-substituted polymeth- 
ytsitaxanes contain from 87 to 95 mol percent of dimethylsiloxane units, from 3 to 6 mol percent of monomethyisiioxy 
units, from 1.5 to 5 mol percent of trimethytsfioxy units and from 0.5 to 1.5 mol percent of dimethyivinyisil^ units. 

Mercaptoalkyl^ontatrn^ compounds are contoined with the alkertyt^ontairing polymethylaloxane. The mercap- 
toalkyt^orrtairong corrpounds include a liquid organic compound containing an average of at least two mercapto groups 
per molecule or a liquid mercaptoalM<ontaining pdydiorganosiiaxane having an average of at least two repeating units 
per molecule corresponding to the formula 



so 
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* 2 R 3 
I 2 I 

•SiO- or R -SiO- 



where R 2 represents a mercaptoaikyl radical, R 3 represents a monovalent hydrocarbon a hatohydrocarbon radical. The 
compositions are prepared by confining the aikenyKontaining pctymethytsiloxane with the mercapto-containing com- 
pound such that the molar ratio of mercapto groups to alkenyl radicals in said composition is 1 or less. 
is Preferred .embodiments of the mercapto-containing poiyorganositaxane can be represented by the general formula 

R6 2 R4SiO{R7R6SiO) y (R6R5SiO) 2 SiR^R«2 

where R 7 represents a mercaptoaikyl radical containing from 2 to 6 carbon atoms, each R* represents methyl, phenyl 
20 or 3,3,3-trifluoropropyl, R* represents R 6 , R 7 or a hydroxyl group, each R 5 is methyl or phenyl, x and i are each 0 or 
greater, with the proviso that R 4 represents a mercaptoaikyl radical when both y and z are 0. Most preferably, the radicals 
represented by R 6 . R 4 and R* are methyl and ingredient B is represented by the average formula 

(CHaJaSKDItCHaJjSiOJ^R^CHaSiOJySitCHsJs 

25 

where R 7 , y and z have the same definitions as above and % is at least Z R 7 is preferably 3-mercaptopropyl or mercapto- 
isobutyl. y is preferably from 40 to 45 inclusive and 2 is preferably from 3 to about 10. 

The organic compounds containing an average of at least 2 mercapto (-SH) groups per molecule also contain carbon , 
hydrogen and, optionally, oxygen. These organic compounds preferably contain from 2 to 6 mercapto groups per mol- 
30 ecuie. The organic compound can be, for example, but are not imrted to, 2,2XJimercaptodiethylether, dipentaerythritol- 
hexa(3<rwcaptoprop*onate), glycol dimercaptoacetate, trimethylolpropane trithkxjlycolate and trimethyloipropane 
trtmercaptoproponaie* 

The UV curable co mp o sit ions which cure to gels and which are useful for the present invention are those which 
contain phototnrtiators which generate free radicals. The photoinitiator is present in an amount sufficient to promote 

35 curing of the composition upon exposure to UV radation. 

The photoinitiator should be compatible with the other ingredients of the present compositions. Compatibility can 
readily be determined by blending one weight percent of the candidate photoinitiator with the other liquid ingredients of 
the UV curable composition and mixing the resultant conrposition at room temperature or with heating to a temperature 
of about 8Q*C. The resultant composition should be optically dear without any dispersed a precipitated material. The 

40 photo tn iti a tors are exempified above. 

in addition to the aJkenyt-contaWng porymethytsitoxane, mercapto-containing compound and photoinitiator, the 
present compositions can contain up to about one weight percent of conventional viscosity stabflizers to inhibit gelation 
during storage. Examples of suitable viscosity stabilizers include amines such as 2-(cSisopropylamino)ethanol and tri- 
octytanine and free radical scavengers such as p-methoxyphenot. catechol, rrydrc<?unone and ZMi-t-butyl-p^thvl- 

45 phenoL 

rt may be desirable to indude an organ* 
100*C. to about 250*C. This is particularly true if the substrate to which the compositio n will be applied is contoured 
such that a portion of the curable composition is shielded from the uffraviotet radiation to which the coated substrate is 
subsequently exposed for the purpose of curing the gel com position . 

so The UV cur^e congestions can contain a reinforcing filer or other type of reinforcing agent to improve the physical 
properties of the cured material. In those applications where transparency of the cured gel is a requirement the rein- 
forcing agent is preferably a finely divided hydrophobic siHca of the type described in United States Patent No. 4.344.800. 
issued to Michael A. Lutz on August 17. 1982. The disclosure of this patent is a teaching of silica fillers suitable for use 
in the optically dear gel compositions of this invention. 

£5 The irxjedients of the compositions are blended to form a homogeneous mixture using any of the known techniques 
that will not adversely affect the storage stability of the composition in the absence of ultraviolet light Unless the com- 
position exhibits borderline storage stability in the absence of UV racfiatkxt the order in which the ingredients are added 
is not critical. If the ingredients have a tendency to react, it is preferable that the alkenyl -containing poiymethytsiloxane 
be combined first with the viscosity stabilizer and, lastly, the mercapto<»ntaining compound and photoinitiator. Curable 
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compositions containing a viscosity stabilizer can typically be stored for longer than about 6 months under ambient 
conditions. 

The compositions cure rapidly, typically requiring about one second or less of exposure to UV radiation from a 
medium pressure mercury vapor arc lamp. The amount of energy required to cure preferred compositions is from 0.1 
to about 3 joules per square centimeter, depending upon the ingredients and the thickness of the layer of curable com- 
position applied to a substrate. 

The intensity of the UV radiation used to cure the compositions can be measured using any of the available tech- 
niques. A preferred method employs an integrating photometer which is exposed to a mercury vapor arc lamp or other 
source of UV radiation under the same conditions used to cure the coated substrate. A commercially available integrating 
photometer is the "Light Bug" available from International Light With the method of the present invention, the visible 
dye is added to the composition and upon exposure to UV radiation, the color changes when cure is achieved This will 
eliminate the necessity to constantly check with a photometer during manufacturing operations. In those instances, 
where a wet film of the composition is exposed to the UV radiation and the color does not change or the color returns 
after a short period of time, it is apparent that the dosage is insufficient 

These organositaane gels can include uses as protective coatings and encapsuiants tor electrical and electronic 
components, particula-ry solid state devices such as integrated circuits and electrical connectors. The gel can prevent 
penetration of atmospheric moisture and other materials that can corrode or otherwise damage the component 

An example of such UV curable compositions which cure to gels isdescrtoed by Lee et al in U.S. Patent No. 5.063 , 1 02 
to show UV radiation curable compositions useful in the present invention. 
20 Other composition which cure to gels and useful in the present invention is described by Himstedt in EPA 0 363 
071 , published on April 11 . 1 990. to show UV curable compositions which cure to gels. The compositions describe by 
Himstedt comprise an acrytamkJe functional pdyorganosilaxane of the general formula 
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2S 



CH3 ?6 H 5 9*3 



(CH 3 ) 3 Si(SiO) t (SiO) s (SiO) r Si(CH 3 )3 

CH 3 CH 3 R-N-CH 2 CH 2 -N-R* 



30 



in which i is an average of at least 44 and has a value such that the mol percentage of dimethyfsitoxane units in the 
poJydKxganostoane is from 88 to 94.5, fi has an average value of at least 2.5 and has a value such that the mol 
percentage of methylphenytsilcaane units is from 5 to 1 0. £ is at least 1 and less than 2. R is a divalent alkylene radical 
having 3 or 4 carbon atoms, each R* is a hydrogen atom or an acyl radical of the formula 



43 
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I 

CH 2 =CH-C- 



0 
I 

CH 2 =C-C- 
CH, 



O 
I 

or CHjC- 



so 



55 
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where at least 1 5 percent of the FT are 
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CH 2 = CH-C- 



or 



0 

J 

CH-=C-C- 

2 I 
CH, 



10 



and a curing amount of a photoinrtiator which generates free radicals when exposed to UV radiation. 

Lute in EPA 0 396 246, published November 7, 1990. also describes U V curable compositions which cure to gels. 
is The U V curable compositions described by Lutz comprise a blend of acryt functional poiydkxganosiloxanes and a photo- 
sensitfcation system for curing the Wend when irradiated with UV radiation, wherein the blend is 4 to 90 mole percent 
of an acryi functional endblocked poiydiorganosiloxane of the general formula 

YRio 2 SiO(R« 2 SiO) n SiRio 2 Y , 

20 

9 to 50 mole percent of a mono-acryf functional encfttocked poiydiorganosiloxane of the general formula 

Rio 3 sO(R92SO) n SiRio 2 Y , 
25 and 0 to 65 mole percent of a non-functional poiydiorganosiloxane of the general formula 

Rio 3 SiO(R» 2 SiO) n SiRi03 

where, in the above formulae. R*isa monovalent radical selected from the group consisting of afkyi, aryl and f luorinated 
30 alkyf; each R 1 <> is independently selected from the group consisting of R» hydroxy! and a hydrotyzabie group, Y is an 
acryi functional radical bonded to silicon atom through silicon-carbon bond where the acryi function has the formula 



0 

» 13 
CH-=C-C-Z-R • 

i- 



40 



or the formula 



so 



O 0 R 12 

CH,=C-C-Z-R*-Z-C-CH-CH--N-R - 

2 I I 
R" R" 



ss in which R" is a hydrogen atom or methyl. Z is divalent oxygen or -NfR 12 )-. R 12 is a hydrogen atom or an alky) of 1-4 
carton atoms. R 13 is a divalent hydrocarbon radical having from 1 to 10 carbon atoms per radical. R* is a divalent 
hydrocarbon radical or a divalent hydrocarbon radical containing ether linkages and q has a value of from 30 to 3.000, 
the mole percentages being based on the total blend as 100 mole percent and where the pofydtorganosiioxanes of the 
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Wend are present in amounts to provide 20 to 95 percent of the endbiocking as acryl functionality and 5 to 80 percent 
of the endbiocking as non-functional. 

Some preferred conforms! coating compositions are those UV radiation curable compositions containing aliphatic 
unsaturated functional silicone resin, an organic mercaptan, an acrylate monomer, a photoinitiator and a free radical 
5 inhibitor wherein the photoinitiator is a free radical generating photoinitiator. In accordance with the present invention, 
visible dye is added to them and then they are exposed to UV radiation and cure is achieved when the cola cnange 
occurs. 

The compositions consist essentially of the silicone resin having a general average unit formula 

in which each R' in each unit is independently a monovalent organic radical where at least 10 mole percent of the total 
r* are phenyl radicals and at least two R j per molecule are aliphatic unsaturated radicals which react with mercapto 
functionality and g has an average value of from 1 .2 to 1 .8; the organic mercaptan composed of carbon, hydrogen, sulfur 

i5 and oxygen in which there is at least two mercapto groups per molecule; the acrylate monomer having at least one 
acrylate group per molecule in an amount of at least one weight percent based on the total weight of the composition; 
an effective amount of photoinitiator to cause the composition to cure upon exposure to UV radiation where the photoin- 
itiator generates free radicals upon exposure to the UV radiation; and an effective amount of the free radical inhibitor to 
delay gellation during storage, the composition has more than two aliphatic unsaturated radicals per molecule in the 

?o silicone resin when the organic mercaptan has two mercapto groups per molecule or more than two mercapto groups 
per molecule in the organic mercaptan when the silicone resin has an average of two aliphatic unsaturated radicals' per 
molecule or both more than two aliphatic unsaturated radicals per molecule in the silicone resin and more than two 
mefcapto groups per molecule in the organic mercaptan and amount of silicone resin and organic mercaptan being such 
that there is from 0.5 to 1.5 aliphatic unsaturated radicals in the silicone resin for each mercapto group in the organic 

a mercaptan. 

The silicone resins contain aliphatic unsaturated radicals which react with mercapto functionality. These silicone 
■ resins have an average of 1 2 to 1 .8 organic radical bonded per silicon atom and at least 10 mole percent of the organic 
radicals are phenyl The silicone resins, have per molecule at least two aliphatic unsaturated radicals which react with 
mercapto functionality. The silicone resin has a general average unit formula 

30 

R*cSiO ( 4-cv2 

in which g has an average value of-from 1 .2 to 1 .8 and R* is a monovalent organic radical where at least 1 0 mole percent 

" oftheR'arejtt^ra^ 

55 furx*ionality.Thegeneraia^ 

units. Wi&O units. R'aSO^ units and each R* in each siloxane unit is independently selected from the group as defined 
herein. Each siloxane unit does not need to be present in each silicone resin, but the siaxane units which are present 
need to provide an average value tor g of from 1.2 to 1.8. R* can be independently selected from an aikyf, alkenyi, 
halogenated aikyl or aryt The afcyt radicals can be illustrated by methyl, ethyl, propyl, isopropyt. butyl, hexyl and octyt 

40 The alKenyl radicals can be IHusMed by vinyl. aMyl. cyctohexenyt, 1,2-butenytand l.2«hexenyt The halogenated aikyl 
radicals can be itustrated by 3.3.3-trifluoropropyl and other chlorinated, fluorinated and brorrtnated alkyl radicals wherein 
hydrogen atoms of the alkyl radfcals are replaced with a halogen atom. The preferred alkenyl radfcals are vinyl and 
hexenyi. Other preferred radicals are methyl, propyl. 3,3,3-tnfluoropropyl and phenyl. Preferred silicone resins are those 
which are made up of at least two sftoxane units selected from the group consisting of monophenyl-silsesquioxane units , 

45 rnonomethytsilsesquioxm units, dimethyl-silaxane units, diphenyisitaxane units. methyMnylsitoxane units, dimethyivi- 
nylsitaxy units and trimethyteiicory units. The preferred siicone resins contain from 20 to 80 mole percent monophenyi- 
siisesquioxane units where the remaining siloxane units can be those listed above. A more preferred class of silicone 
resins are those made up of from 20 to 40 mole percent morK^erylsilsesquioxwe units. 1 0 to 20 mole percent mono- 
methyisttsesquioxane units. 20 to 35 mole percent dimethyisHoxane units and 10 to 30 mole percent methytvmylatoxane 

so units. The silicone resins can be one resin or a blend of two or more resins. The siicone resins can contain residual 
sUicorvbonded groups which result from their preparation, such as hydroxy! groups (S-OH) and aitaxy groups (S-OR ) 

where R** is an alkyl racfical of 1 to 4 carbon atoms. 

The crosslinked density, f texWHy of cured products and the modulus of cured products are controlled by selecting 
the amount of aliphaticafly unsaturated radicals in the silicone resin and the average degree of substitution of the silicon 

55 atoms by siftaxvbonded carbon groups. For example, increasing the average number of aliphafccally unsaturated rad- 
icals per molecule increases the modulus and decreases the flexWity wit) other composition parameters remaining 
constant increasing the average deyee of substitution of the silicon atom increases the flextomty and decreases the 
modulus with the other composition parameters remaining constant These are general guidelines and me proportion* 
increases and decreases in the modulus and flexibility can be varied with the kinds of other R groups, the amount of 
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phenyl, the rvfiu Oi aupuauCaiiy unSaiuiaieu iBuiCdiS anu the KinuS anu oj i iGufitS ut each OT the siioxane unrtS present in 

the silicone resin. 

The organic mercaptan contains an average of at least two mercapto functional groups per molecule. In these 
compositions, the number of aliphatically unsaturated groups per molecule in the silicone resin is more than two, if the 
number of mercapto functional groups in the organic mercaptan is two or if the number of aiiphaticalty unsaturated 
groups per molecule in the silicone resin is two. then the average number of mercapto functional groups per molecule 
in the organic mercaptan must be more than two. These compositions can contain silicone resin having per molecule 
more than two aliphatically unsaturated groups per molecule and organic mercaptan having per molecule more than 
two mercapto functional groups. The organic mercaptans can be illustrated by the following: thmethyloipropane trrthi- 
oglycoiate. trimethyiolpropane tri(3-mercaptopropionate), trimethytolethane trithioglycoiate, polyethylene glycol dimer- 
captoacetates, glycol dimercaptoacetate and dipentaerythritol hexa(3-fnercapto-proptonate). The preferred organic 
mercaptan is trimethyiolpropane tri (3-m er capto-prop* onate) . Mixtures of two or more organic mercaptans can be used. 

These conformaJ coating compositions can contain, as an ingredient to improve the corrosion resistance, improve 
the adhesion to printed circuit board substrates and improve the thermal resistance, an acrytate monomer. These acrylate 
monomers are illustrated by trimethyiolpropane trimethylacrylate, pentaerythhtol tetraacrytate, ethoxytated trimethyiol- 
propane tnacrylate, pentraerytritol acrylate (contains three acrylate groups), di(trimethytrne1hy1oipropane tetrataacr- 
ylate). trimethyiolpropane tnacrylate, c*-(pentraerythritol monohydroxy pentaacryiale), hydroxylethyl aaylate, 
hydroxytpropyf acrylate. 4-hydraxy-n-butyi acrylate. isobomyl acrylate. proprietary acrylates such as functionabzed acr- 
ylates known as Sartomer 9008 (a triacrytate), Sartomer 9012 (an aliphatic triacrytate) and Sartomer 90 1 3 (an aliphatic 
monoacrytate). These are sold by ARCO Chemical Company of Pennsylvania. The acrylates are used in amounts of 
one weight percent or more based on the total weight of the composition. 

Ultraviolet radiation capable of causing free radicals to form in the composition can be used to cure the composition 
of this invention. The ultraviolet radiation used to generate the free radical cross linking reaction to effect polymerization 
of the composition and cure requires a photosensitization system. Examples of the photosensitization systems are known 
in the art. some specific photoinitiators include diethoxyaceto-phenone. benzophenone, dimethoxyphenylacetophenone, 
benzoin. 2-hydrcxy-2-methyM -phenylpropan- 1 -one. with optional sensitizers such as N-methykSethanolamine, diiso- 
propylaminoethanol and amyWimethytanTinobenzoata 

These conformaJ coating compositions can be prepared by mixing the ingredients at room temperature with con- 
ventional mixing equipment In some cases the blending of the ingredients can be accomplished by some heating. 
Heating these ingredients can create degradation if the temperatures become too high or the duration of the heating is 
for prolonged periods of time. The ingredients used to make these compositions should be blended to make compatible 
mixtures. This compatibility is desirable to ensue that the cured products wiR form solid coherent coatings, films, sheets 
and encapsulants with consistent properties throughout. Incompatibility can cause weak spots, f isheyes and poor wetting 
of substrates on which the composition is deposited. 

A method of making cured films is accomplished by first preparing the composition by mixing the silicone resin, the 
organic mercaptan, the acrylate monomer, the phototnitiator and the free radical inhibitor to form a compatible, homo- 
geneous bend, applying the composition to a substrate such as an electronics device and then irradiating the composition 
with ultraviolet radiation in an amount sufficient to cure the composition. 

These confo r maJ coating <x>mposjtion6 contain an effective amount of a free radical rnhfcitor to delay gellatKXi during 
storage. These free radical inhibitors include p-methoxyphenol (also know as MEHQ), catechol, 4-t-butyicatechol, phe- 
nothiazme, 2,5Kf-t-butyl-p-rneiriylpherK^ and N-phenyl-2-naphihytamine. The amounts of the free radical inhibitors are 
from zero to one weight percent based on the weight of the composition, more preferably from 0.01 to 0.25 weight 
percent The most preferred free radical irtrubrtors are p-methaxyphenol, phenothiazine and mixtures thereof. The pres- 
ence of hydroquinone as a free radical inhibitor appears to be undesirable from the standpoint of preparing high modulus 
and tensile strength cured products. 

The <»nfarmel coating compositions cure very wei, adhere weH to electronic boards, have a mild odor and are dear. 
The presence of the acrylate compound in these compositions is vital to protect copper from corroding. The compositions 
of the present invention exhibit improved adhesion by preventing salt water from creeping under the coating and corroding 
the metal However, acrylates without the mercaptan compound exhbet insufficient cure and to obtain the excellent 
properties the sttoone resin, mercaptan and acrylate are required. The thermal stability of the cured films made from 
the compositions of this invention can be expected to improve further by substituting hexertyf group for the vinyl group 
in the silicone resins. The compositions of this invention cure very rapidly compared to other ultraviolet radiation cured 
conformal coating compositions. They also can be cured in very deep sections when peroxide is added to them. These 
conformai coatings can be used as mar resistant conformal and protective coatings tor printed circurt boards, gaskets 
tor automobile engines, coatings tor deep cross section pottants. optical ftoer coatings where the refractive index of 
these coatings is greater than 1 .49. 

The preferred composition consists essentially of silicone resin in an amount of greater than 35 weight percent from 
5 to 30 weight percent mercaptan compound, from 1 to 25 weight percent acrytate compound, from 1 to 4 weight percent 
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photoinitator. less than 0.05 weight percent free radical inhibitor and when present organic peroxide in amounts ot from 

1 to 5 weight percent The weight percentages are based on the total weight ot the composition. 

It is also expected that the mercaptopropylsiloxane and mercaptobutylsiloxane containing polymers described in 

Lee et al ('486) in U.S. Patent No. 4.780.486, issued October 25. 1988, may be useful as substitutes tor the mercaptans 
s of the present invention, especially these in which phenyl-containing siloxane units are also in the polymer. Additional 

modifications which may be useful include acrylate functional oligomers, other vinyl functional organic monomers, such 

as divinyl benzene and thiol functional silicone resins 

An example of UV curable silicone organic conformal compositions useful in this invention is described in SPA 0 

456 346. published on November 13. 1991. to show silicone organic conformal coatings curable by exposure to UV 
io radiation. 

Another example of suitable compositions which can be used in the present invention are those described by Lute 
et al. in U S. Patent No. 5.036.1 14 to show UV curable silicone organic compositions. These compositions comprise a 
polydiorganosiloxane having on the average more than about 0.4 acrytamtde functional groups per molecule and being 
crosslinkable by exposure to UV radiation in the presence of a photosensrtizatjon system, an effective amount of a heat 
, 5 stability additive selected from the group consisting of zinc naphthenate. stannous octoate and tetraorganotitanate and 
an effective amount of a photosensiteation system. 

Lutz et ai also described in copending application Serial Number 556.696. fBed July 20. 1990. assigned to the same 
assignee as the present application. UV curable silicone organic compositions. These compositions comprise a com- 
patible mixture of an acrylamide functional polyorganosilaxane having an average unit formula 



20 
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X- 30 
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40 



T d R1*,SIO ( 4^,y2 



in which Ri< is a monovalent organic group where at least 5 to 10 mole percent of R" are aromatic based on all 
equal to 1 00 mole percent T is an acrylamide functional group bonded to the silicon atom through a silicon-carbon bond 
d has a value such that there is on the average at least 0.4 acrylamide functional group per molecule, s has a value 
such that the poiyorganosiloxane can be applied to a substrate arid cured by exposure to UV radiaiioa the sum of d + 
aisatleaat0.7andapnotosensitizationsystem. _.. 

Organic conformal coating compositions combine the toughness of certain resins, low shrinkage of monofunctional 
nonpolar monomers, low T fl resins and monomers and adhesion promoting monofunctional and difunctional monomers 
Theseorganic conformal coaling compositions have low temperature flexibility and good thermal shock resistance and 
electrical properties. The composition can be post cured using a peroxide which is stable at normal room temperature 
processing and has a long shelf life, such as six months. The composition can also contain a fire retardant These 
features are obtained without the use of solvents and can be applied to substrat*^ 

brushing because of the low viscosity. _____ _ _ — _ ___ __ _ — 

^These compositions are UV curable compositions consisting essentially of a Wend of 20 to 45 weight percent of an 
acryiated urethane oligomer containing an average of about 2 acryl groups selected frtxn the group <Mns.st,ng of acrylate 
and methacrylate. said acrylated urethane oligomer being based on aliphatic isocyanate and havmg a number average 
mde^weight * from 1 000 to 6.000. 5 to 25 w«ght percent ot an acrylate selected from the gro*> consstmg of an 
atohabc monrtunceonal acrylate ester having a molecular weight less than 1 .000. a potyoutadiene d_oy_te having a 
molecular weight less than 4.000. a polyoxyaJkylated diaoylate having a molecular weight less than i .000 and a mono- 
functlonal acrylate of the general formula 

0 CH - CH 

CH 2 -CH-C.(OC 2 H 4 ) h (0C 3 H 6 ) 1 -0-C / J ^(C^.H 

CH— CH 



50 



55 



in which at leairt one of _ or 1 is at least 1 and me totd 

oi oWo 2Pa™ and t is 0 or 1 . 95 to 40 weight percent of an aliphatic bicydic monofunctional acrylate monomer 
tSSl tZZ i£ c££g of _cborny..SU isoborny. "*»^ n ^ 
d^emeriytoxyethyl ntethacrytote, 0.5 to 6 weight percent ot photowtator. 0 to 10w«ght percent ^n aaylate 
STha^T^hree acrylate or methacrylate groups per molecule and havtng a moleculai rweght less *an 60a 
oTswelSpeScTape^ 

P^enXSE^ selected from the group cons*ting ot hydroxya.Ky_ay.ate and hydroxy- 
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aJkytmethacrylate. 0 to 20 weight percent of a fire retardant, 0 to 6 weight percent of an adhesion promoter, 1 to 1 ,000 
ppm of polymerization inhibitor in which the inhibitor is derived from 0 to 100 ppm of 4-methoxyphenol. 0 to 500 ppm of 
hydroquinone and 0 to 500 ppm of phenothiazine, 0 to 0.015 weight percent of a fluorescent dye and the composition 
has a viscosity at 90*F of less than 1 Pa • s. 

These compositions are curable by exposure to UV radiation and also can be formulated so that they can be cured 
by exposure to heal The compositions can be cured by exposure to UV radiation and still be made to possess the ability 
to cure by heating, i.e., post curing or shadow curing. These agaric conformal coating compositions can be used to 
coat circuit boards which have complex devices or components which have undercuts, i.e. regions or locations where 
the coating composition will be out of sight of the UV radiation and thus would remain uncured. Conrposrtions intended 
to be used for coating such circuit boards having devices with undercuts should have the ability to cure in the shadowed 
areas and would be formulated to contain peroxide. However, the compositions have the ability to cure via heating and 
thus the regions or locations which are not exposed to the UV radiation can be cured by exposure to heat The amount 
of heat and the duration of the heating necessary with the composition is relatively low. The ability to cure the compo- 
srtions with low amounts of heat is important because many of the eiectromcs materials and construction can be effected 
by exposure to high temperatures or to heat tor long durations. 

These compositions contain from 20 to 45 weight percent of an acrytated urethane oligomer having an average of 
about 2 acryiate or methacryiate groups. These urethane oligomers are based on aliphatic isocyanate and have a number 
average molecular weight of from 1,000 to 6,000. The aliphatic isocyanates are preferably diisocyanates including 1,6- 
hexam ethylene diisocyanate. 1.4-hexamethyiene di isocyanate. 2,2,4-trimethyihexamethyfene diisocyanate, 2.4,4-th- 
methylhexamethylene diisocyanate. 4>'-methylene-bis(cydohexyl)isocyanate. isophorone diisocyanate and 1 -methyl- 
2.4-diisocyanatecyciohexanei The acrytated urethane oligomers are Known in the art and those which are particularly 
useful in the present invention are those which are described in US. Patent No. 4 607,084, issued August 19. 1966, to 
Moms. 

The acrytated urethane oligomers can be mixtures of two or more different oligomers or prepolyrrws, preferably a 
nvxiure of at least two different molecular weight acrytated urethane prepolymers and a mixture of an acryiated urethane 
preporymer and a polyester urethane acryiate. The acryiated urethane preporymer provides strength to the cured films 
and the polyester urethane acryiate provides elongation to the cured fims. They can also be blends, such as those 
prepared from poryether dolt and poryether triois. The acryiated urethane oligomers can also contain reactive solvents. 
Such reactive solvents include aKylacryiates, aJkyt methacrytates, aJkoxyaikyl acryiates, aikoxyaikyt methacrytates. aftyl 
acryiate, phenoxyethyl acryiate. cydohexyi acryiate. 1,6-hexanediol diacrytate. trimethytolpropane triacrylate. acryiated 
tatty alcohols and acryiated aliphatic diglyddyi ethers. A preferred reactive solvent is ethoxyethcxyethyi acryiate. The 
reactive solvent can be present in amounts of from 0 to 50 weight percent based on the total weight of the acrytated 
urethane oligomer. Preferably, if the reactive solvent is present it is present in an amount of from about 1 0 to about 20 
weight percent 

The term "oligomer and "preporymer are interchangeable. Some examples of commercially available acryiated 
urethane oligomer are as follows: B>ecryi 230 and Ebecryt 4683 sold by Radcure Specialties of Virginia. Ebecryt 230 
is 100 percent solids urethane acryiate preporymer containing no reactive (fluents, has a viscosity at 25*C. of 30 to 40 
Pa * s, a number average molecular weight of about 5,000 and a functionality of two. Ebecryl 4683 is 85 weight percent 
urethane acryiate oligomer or preporymer and 15 weight percent tripropylene glycol diacrytate; the oligomer has a 
number average molecular weqfrt of 1,611 and a viscosity at 60*C. in the range of 2.8 to 4.2 Pa • s. Uvrthane 782 and 
Uvithane 783 sold by Morton Thiohoi Corporation. Morton Chemical Division. Illinois. Uvtthane 782 is a polyester ure- 
thane acryiate which has a viscosity at 49*0. of 80 to 160 Pa - s and Uvithane 783 is similar except that it has a viscosity 
at49*C.of60to200P* • s. 

The acryiated urethane oigomer is preferably present in an amount of from 25 to 40 weight percent. A preferred 
acryiated urethane oligomer is a mixture of 3 to 6 weight percent polyester urethane acryiate. such as Uvithane 782 and 
19 to 32 weight percent of an acrytated urethane preporymer having a number average molecular weight from 1 ,000 to 
3.000. such as Ebecryt 4883. for a total of 25 to 35 weight percent acrytated urethane oligomer. Another preferred 
acryiated urethane oligomer is a mixture of 24 to 37 weight percent of an acryiated urethane preporymer hash ng a number 
average molecular weight of 1.000 to 3.000. such as Ebecryl 4883 and 3 to 6 weight percent of an acryiated urethane 
preporymer having a number average molecular weight of 3.000 to 6,000. such as Ebecryt 230. for a total of 30 to 40 
weight percent acryiated urethane oligomer. 

The acryiate is a unique monomer having a low glass transition temperature. T 9 which gives the cured films made 
from these compositions improved flexirfty at low temperatures and alows the cured films to pass thermal cyding shock 
tests. These acryiate monomers are selected from an aliphatic monofunctionai acryiate ester having a molecular weight 
less than 1 .000. a poiybutadiene diacrytate having a molecular weight less than 4,000. a poryoxyalkylated diacryiate 
having a molecular weight less than 1 .000 and a monofunctionai acryiate of the general formula 
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in which at least one of h or I is at least 1 and the total average vaJue of & and I is sufficient to provide a viscosity at 25*C. 
of 0 01 to 0 2 Pa • s and 1 is 0 or 1 . An example of an aliphatic monofunctional acrylate ester is C-9013 when is sold by 
Sartomer Company of Pennsylvania, has a boiling point of 121'C, at 10 mmHg, has a viscosity at 25'C. of 0.005 to 

is 0.015 Pa • sand contains 1 60 ppm ♦ or - 20 ppm of 4-methoxyphenoi. An example of a poiybutadiene diacrylate having 
a molecular weight less than 4,000 is G-S000 sold by Sartomer Company of Pennsylvania, has a number average 
molecular weight of 3.00O. a viscosity at 25'C. of 4.5 to 5 Pa • s and contains 400 ppm BHT, a butylated hydroxy toluene. 
An example of a poiyaxyalkylated diacytate having a molecular weight less than 1 ,000 is C-9000 which has a number 
average molecular wetght of 800, a viscosrty at 25°C. of 0.1 2 Pa • s and 250 ppm of 4-nwthoxyphenol. Examples of the 

zo acrylates having Formula I are shown by the following formulae and are sold by Toagosei Chemical Industry Co.. Ltd. 
of Tokyo. Japan: 

M-101 . having a viscosity at 25'C. of 0.02 Pa • s, a T g of -25'C. and a formula of 
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M-1 1 1 . having a viscosity at 25'C. of 0.08 Pa ■ s. a T g of -8*C. and a formula of 
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M-1 13. having a viscosity at 2S'C. of 0.1 1 Pa ■ s. a T, of -43'C. and a formula of 
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The preferred acrylate monomer is M-113. which is also known as alpha-(l-oxo-2-propeny1)-omega-(nonyiphenoxy)- 
poly(oxy-T,2-elhanediyl). The acrytate monomer is present in an amount of from 5 to 25 weight percent of the compo- 
15 srtion, preferably 10 to 1 5 weight percent of the composition. 

The aiiphatic bicydtc monofunctional acrytate monomer selected from the group consisting of isobornyi acrylate, 
isobornyi methacryiate, dicydoperrtenytoxy ethyl acrytate of the formula 
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dicydopentenytoxy athyt methacryiate of the formula 
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and mixtures thereof, isobomyf acrylate has a viscosity at 25*C. of about 0.01 5 Pa ■ s and usually contains as an inhibitor 
so 100 ppm of 4-methoxyphenol. Isobornyi methacryiate has a viscosity at 25 0 C. of 0.015 to 0.01 9 Pa • s. Dicyciopente- 
nytoxy-ethyf acrylate has a viscosity at 25*C. of about 0.02 Pa * s. Dicydopertenyioxyethyl methacryiate has a viscosity 
at 25°C. of 0.015 to 0.019 Pa • s. The aliphatic bicydic monofunctional acrylate is present in an amount of 9.5 to 40 
weight percent of the composition, preferably is present in an amount of 20 to 35 weight percent The preferred aliphatic 
bicyclic monofunctional acrylate is dicydopentenyloxy-ethyt acrylate. 
55 The photoinrtiator to provide the UV radiation curable property can be any of those which are known in the art to 
cure acrytates and methacrytates and generate free radicals upon exposure to UV. However, neither the photoinitiator 
nor its by-products should be corrosive to the electronic materials which it will come in contact with during Its use. 
Illustrative of the photanrtators are 2.2-diethoxyacetophenone. benzoin methyl ether, benzoin ethyl ether, benzoin iso- 
prcpyl ether, alpha-methylbenzoia alpha-ethyl-benzoin, alpha-methyl benzoin methyl ether, aipha-phenyfoenzdn, 
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aJpha-allyibenzoin, anthraquinone. methylanthraquinone, ethyl-anthraquinone, tertiary butylanthraquinone. ber.zil, 
diacetyl, benzaidehyde, acetophenone, benzophenone, omega-benzoin, 2,3-pentanedione. hydroxycyclohexyiphenyl 
ketone, hydroxymethyi phenylpropanone and xanthone. The photoinitiatof is used in amounts of from 0.5 to 6 weight 
percent of the composition and which are suitable to provide cure of the composition when it is exposed to UV radiation. 
The preferred photoinrtiator is 2 -hydroxy-2 -methyl - 1 -pheny l-propan- 1 -one and the preferred amount is from 2 to 5 weight 
percent of the composition. 

The acrytate ester is one having at least three-acrylate or methacrylate groups per molecule and a molecular weight 
less than 600. These acrytate esters can be present in amounts of from 0 to 10 weight percent of the composition. 
Preferably, the acrytate ester is present in an amount of at least 0.1 weight percent of the composition with the most 
preferred amounts being from 3 to 8 weight percent of the composition. Some examples of the acrylate esters are 
trimethytolpropane trimethytacrytate (mo*, wt. » 338). pentaerythritol tetraacrytate (mot. wt = 352). ethoxyated trimeth- 
ylolpropane triacrytate (mot. wt « 428), pentaerythrrtol acrytate (contain three acrytate groups, mol. wt * 298). di-tri- 
methylolpropane tetraacrylate (mol. wt ■ 438), trimethytolpropane triacrytate (mot. wt » 296) and dipentaerythritot 
monohydroxy pentaacrylate (mol. wt » 524). These acrytate esters are available commercially and are usually sold with 
an inhibitor present Some of these commercially available acrytate esters may also contain small amounts of solvent 
which is a result of their preparation. The preferred acrytate ester is diperrtaerythritol monohydroxy pentaacrylate. 

The organic peroxide can be present in an amount sufficient to provide cure when the composition is exposed to 
heat after the composition is cured by exposure to UV radiation. The amount of organic peroxide can be from 0 to 8 
weight percent of the composition. The organic peroxide is one which has a 10 hour half life temperature of from 85°C. 
to 1 0S°C. inclusive. Peroxides which have this 1 0 hour half life temperature provides compositions which can be packaged 
in one container for shipment i.e. they have an acceptable shelf We for commercial shipping. These peroxides also can 
be cured at an acceptable temperature when the application is for corrtormal coatings on printed circuit boards. When 
the corrpositions of this invention are used for printed circuit boards which have devices with undercuts, it is preferred 
to have the organic peroxide present in amounts of from 0. 1 to 6 weight percent of the composition, so that the comoo- 
srbons can be cured in the shadowed areas by heating. The preferred amount of organic peroxide is at least 0.5 weight 
percent of the composition, with the most preferred amounts being from 0.5 to 4 weight percent Thus, the organic 
peroxide is one which will provide a storage stable uncured composition, which will cure upon heating and which will 
not produce acidic by-products that can cause corrosion to electronic materials. Suitable organic peroxides include the 
following where the 10 hour half life temperature is in parentheses following the peroxide name. 1.1 -bis(t-butyiper- 
oxy)cydohexane (93*C). o.o-tertiary-butyl-o-isopropyl monoperoxy carbonate (99 # G). 2.5-dimethyt-2,5-di-(2-ethylhex- 
anoylperoxy)hexane (8rC). 1.1<li(t-butylperoxy^ (92 # C). 2.2-di(t-butylperoxy) butane 

(1 04»C.) and 1 -cyano-1 -<t-butytazo) cyclohexane (96 # C.). The preferred organic peroxide is 1 . 1 -bis(tertiary-butyiperoxy ) 
cyctohexane arto the preferred amounts of this ptvoxide are 0.5 to 4 weight percent. It might be possible to use organic 
peroxlb^whidh have 10 hour Tialf IHefeinpcraS^ betwew iOPGTaritf 130«C; if the compositions are to be used on 
substrates which are very heat stable, such as on certain ceramic printed circuit boards. The preferred organic peroxide 
isl.l^s(t-butylperoxy)cyctohexana ^ 

Thehydrarj^ontaininga ™ nydraxy- 

containing acryl monomer can be a hydraxyaJkylacrytate or a hydraxyakytmet^ The hydraxy-corrtaming acryl 
monomer can be illustrated by hydroxyethyt acrytate. hydroxypropyl acrylate, 4-hydraxy-n-butyl acrytate. hydroxyethyl 
methacrylate. hydroxypropyl methacrylate and 4-hydroxy-n-butyl methacrytate. The preferred hydroxy-containing acryl 
monomer is hydroxyetf^ 

weight percent of the conposrtion and the more preferred compositions contain from 3 to 9 weight percent. The hydroxy- 
containing acryl monomer reduces the viscosity of the composition and also increases the adhesion of the cured films 
to substrates. 

Thefre retardant can be trixylenol phosphate. The amount of fire retardant can be from 0 to 20 weight percent of 
the corrposrton, preferably in amounts of at least 1 weight percent of the composition. A preferred composition contain 
fire retardant in an amount of from 3 to 1 0 weight percent and it is preferably trixyienyl phosphate. Because many of the 
fire retardants can be corrosive to the electronic materials and components, the selection of a fire retardant should be 
considered carefully and preferably tested before it is used, to determine whether it wiH be corrosive. The preferred fire 
retardants are the triorganic phosphates, such as the trixyienyl phosphate. The hatogenated fire retardants are known 
to be too corrosrve to be useful in the compel invention because they corrode the electronic components 
which come into contact with the cured composition. 

The adhesion promoter can be present in amounts of from 0 to 6 weight percent of the composition. The adhesion 
promoter is preferably a phosphorus material of the formula 
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CH~ = C-C-OCH-CH,,0-P=0 
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0 ■ OH 
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and a mixture of compounds of the formulae 



and 



CH. OH 
(CH 2 =C-C-0CH 2 CH 2 0) 2 -P*O 
0 



CH- OH 

I 3 I 
CH 2 =C-C-0CH 2 CH 2 0-P=O 

0 OH 



30 

These phosphorus materials increase the adhesion of the cured films to various substrates, specifically to copper, tin, 
GO 0 boards and electronic components. The amount of adhesion promoter is preferably at least 0.1 weight percent of 
the composition and is preferably the mixture of phosphorus materials defined above in amounts of from 2 to 4 weight 
percent 

3s These organic conformal coating compositions need to have from 1 to 1,000 ppm by weight of a polymerization 
inhibitor present based on the total weight of the composition wherein the inhtoitor is derived from 0 to 1 00 ppm of 4- 
methoxy-phenol. 0 to 500 ppm of hydroquinone and 0 to 500 ppm of phenothiaane. These inhibitors can be present 
from the other ingredients or can be added to give the proper shelf stability. The inhibitor is preferably present in an 
amount of at least 100 ppm by weight based on the total weight of the composition. The most preferred compositions 

40 have from 200 to 500 ppm by weight of polymerization inhibitor where a mixture of hydroquinone and phenothiazine are 
each present in amounts of from 100 to 300 ppm by weight 

These compositions can also contain a fluorescent dye in amounts of from 0 to 0.01 5 weight percent of the com- 
position. These fluorescent dyes are used to determine the degree of coverage of the films on the printed droit boards 
so that one can be sure that the fim covers al of the areas necessary and to the fim thickness desired or required 

43 a jwticular printed circuit board The preferred compositions contain at least 0.005 weight percent of a fluorescent dye 
and the most preferred composition s contain from 0.005 to 0.01 weight percent of fluorescent dye An example of a 
fluorescent dye is Uvitex OB. 

The organic conformal coating compositions may contain other ingrecfents such as fungicides, as long as these 
materials da not add to the corrosive nature of the composition or deleteriousfy effect the electrical properties of the 

so uncured composition or the cured product 

These compositions are ones in which the composition will not corrode the electronic components which it contacts 
either in the uncured or cured state. The composition is essentially neutral and must not contain ingredients which may 
change this neutrality. A change in neutrality results in a composition which causes corrosion to materials used in elec- 
tronic components. For example, the composition of the present invention should not contain amines, such as the tertiary 

55 organic amines which are often used as photo-sensitizers, because these amines cause corrosion to metal substrates 
found in the electronic components. Also addc materials should not be used in the compositions of the present invention 
because these materials also cause corrosion. 

These compositions are particularly useful in coating and encapsulating electronic components because the vis- 
cosity of th^conposition is less than 1 Pa * sat 90^ allowed 
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to drip to an even coat, then exposed to ultraviolet radiation for a few seconds for curing and in those situations where 
post curing is required, the coated boards are heated to complete the curing cycle. These compositions can also oe 
sprayed or brushed onto the circuit boards. Under certain coating circumstances or with certain combinations of com- 
position and substrate, dewetting of the coating on the substrate might be experienced, if such a problem is encountered. 
5 such as might result from contamination of the substrate surface, a surfactant can be added to the composition. However, 
surfactants can cause foaming during preparative steps, as well as, during the coating steps and therefore is not rec- 
ommended, if the use of a surfactant cannot be avoided, a recommended surfactant is one of the glycol stioxane type, 
such as Dow Corning (R) 57 paint additive. Amounts of surfactant up to about 2 weight percent have been found to be 
effective. Surfactants may also cause the composition to be hazy. After the curing step or steps are completed, the 
70 boards can be tested, used or shipped immediately. For the purposes of this application, the terms printed wire boards 
and printed circuit boards refer to the same type of article of manufacture. 

These compositions have a long pot life, a long shelf life, low temperature flexibility which is sufficient to provide 
stress relieving properties on coated printed circuit boards, pass thermal shock test cure fast are easy to use in pro- 
duction, are essentially solvent free, are a one package (one part or one component) system, have good electrical 
is properties and can be made flame retardant without substantially changing the other characteristics of the present 
invention. The shelf life of the compositions of this invention which contain organic peroxide can be extended by keeping 
the composition from contacting temperature above 25*C. and if one has concern about the stability of the composition 
on storage, the compositions can be stored under refrigeration. 

These composition s can be prepared by mixing the ingredients. The method of mixing is not particularly critical 
20 except that the ingredients should be mixed to homogeneity. Because some of the ingredients may be more viscous 
than others, the mixing procedure may be more difficult and slight heating may help reacily disperse the ingredients. 
However, if heat is used, it would be preferred to leave the peroxide out of the mixture until it is cooled to room temperature. 
The peroxide is sensitive to heat and may cause some unwanted reaction if present during any heating during the 
preparation procedure. It may also be an advantage if the polymerization inhibitors are present during the earfy stages 
25 of the mixing procedure. After the composition is prepared, it is stored in containers which protect it from ultraviolet 
radiation unti cure is desired. When peroxide is present care should be taken to avoid high temperatures, especially 
for prolonged periods of time. 

These compositions can be cured by exposure to ultraviolet radiation and if peroxide is present thereafter heated 
to cure any portion of the coating or encapsulant which did not receive ultraviolet radiation. Such heating will cause the 
V 30 composition to cure in the dark regions (regions not receiving ultraviolet radiation exposure) and thus the compositions 

of this invention have the ability to shadow cure If these compositions are heat cured beforethey are exposed to ultraviolet 
radiation, the surface of the resulting fim will be tacky. Surfaces which are tacky are unacceptable on printed circuit 

board s, _______ ' „; : , 

A prefened composition consists essentially of a blend of from 25 to 35 weight percent of an acryiated urethane 
35 oligomer mixture made up of 19 to 32 weight percent acryiated urethane prepolymer and from 3 to 6 weight percent of 
polyester urethane acrytate. from 10 to 15 weight percent alpha(i -oxo-2-propenyl)omega(nonylph ,2- 
ethanediyi) having a viscosity at 25*C. of fn»n 0 . 1 to 0 . 1 2 • s. from 20 to 35 weight percent isobomyl acr ylate, from 
2 to 3 weight percent 2-hydroxy-2-methyt-1 -phenyt-propan-1 -one, from 4 to 8 weight percent dipentaerythritol monohy- 
drcxy pentaacrytate, from 1.5 to 4 weight percent 1 . 1 ^s^tert ary-butytperoxy) cydohexane, from 3 to 6 weight percent 
40 2-hydroxyethyfrnethac^me. from 5 to 10 weight percent tnxylenyi phosphate, from 2 to 3 weight percent of a mixture 
of compounds of the formulae 

CH, OH 

45 I 3 I 

(CH 2 =C-C-0CH 2 CH 2 0) 2 -P=0 
0 

so 
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and 



CH. OH 

• I i 

CH o =C-C-0CH.CH 9 0-P=0 

2 I I 
0 OH 



from 200 to 500 ppm of a mixture of hydroquinone and phenothtaztne each being present in an amount of from 100 to 
300 ppm and from 0.005 to 0.01 weight percent of a fluorescent dye. This preferred composition exhibits the advanta- 
geous properties as described herein for conformal coatings, but it was observed for some formulations the cured films 
"developed a tackiness on the surface over a short period of time, such as a within one month after being cured. This 
surface tackiness was more pronounced with formulations containing the higher concentrations of isobornyt acryiate. 

Compositions which did not develop this surface tackiness of the cured f 1ms were discovered. These compositions 
consist essentialy of a blend of from 30 to 40 weight percent of a mixture made up of 24 to 37 weight percent of an 
acrytated urethane preporymer having a number average molecular weight of from 1 ,000 to 3.000 and of 3 to 6 weight 
percent of an acrytated urethane prepolymer having a number average molecular weight of from 3.000 to 6.000, from 
10 to 15 weight percent aipha^l^xo-2iDropenyO-orn^aK having a viscosity at 

25 # C. of from 0. 1 to 0.12 Pa • s. from 25 to 35 weight percent of cfic^dopentenytoxyethyl acryiate. from 3 to 5 weight 
percent 2-hydraxy-2-methyM -phenyl-propan-1 -one. from 3 to 7 weight percent dipentaerythrito! monohydroxy pentaacr- 
ytate. from 0.5 to 2 weight percent 1 . 1 -bis-(tertiary-butytperaxy) cydohexane. from 4 to 9 weight percent 2-hydroxyethyl- 
methacryfate. from 3 to 8 weight percent trixyfenyt phosphate, from 2 to 4 weight percent of a mixture of compounds of 
the formulae 



CH, OH 

I 3 I 
(CH 2 = C-C-0CH 2 CH 2 0) 2 -P=0 

0 



and 



OH 



OU=C-C-0CH 7 CH 7 0-P=0 

I I 

0 OH 



from 200 to 500 ppm of a mixture of hydroquinone and phenothiazine each being present in an amount of from 1 00 to 
300 ppm and from 0.005 to 0.01 weight percent of a fluorescent dye. These preferred compositions do not develop 
surface tackiness on the cured film. However, the tensile strength is observed to be a lower value, but still acceptable 
for conformal coatings. In addition to overcoming cured surface tackiness, those compositions which are used as con- 
formal coatings for printed wire boards desirably contain the 2 to 4. weight percent of the phosphorus containing adhesion 
promoter to ensure adhesion of the cured film to the board to prevent board failure due to atmospheric contamination 
such as moisture (corrosion). 

These compositions have solvent resistance to such solvents as xylene, acetone, isopropanol. methyl ethyl ketone, 
freons and urethane thinners. Adhesion of the cured compositions to metal and plastic substrates, such as metal leads 
and plastic connector materials, is obtained. The compositions are non-corrosive before, during and after cure, where 
cure includes both the ultraviolet cure and the post heat cure. The compositions have the ability to withstand thermal 
shock from -65*C. to 150*0. The compositions of this invention exhtort a low weight loss upon cure. The compositions 
exhibit acceptable electrical properties for use as insuiative coatings and encapsulants for electronic components, such 
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as volume resistivity and dielectric withstanding voltage. The composition of the present invention exhibits sufficient 
fungus resistance without the addition of additional fungicides, but in certain applications it may be advantageous to add 
to this fungus resistance. If additional fungicide is needed, careful evaluation of the fungicide should be conducted to 
determine its effect on other properties, such as corrosion. The compositions also exhibit humidity resistance and resist- 
ance to soldering heat If fire retardant properties more than provided by the composition are needed, the fire retardant 
as described above should be used. 

Other kinds of UV curable compositions which can be used in this invention can be found in U.S. Patent No. 
4.780.486, issued October 25, 1988. issued to Ghi-iong Lee and Michael A. Lutz and also in EPA 0 437 247, published 
July 17. 1991. 

The method of the present invention can be used for UV curable compositions which make films, coatings, encap- 
sulants in the electrical and electronics industries such as for printed circuit boards, electrical connectors and electrical 
splices. 

The following examples are presented for illustrative purposes and should not be construed as limiting the invention 
which is property delineated in the claims. In the following examples, "part" or "parts" represents "part by weight" or 
"parts by weight". "%" are percent by weight unless otherwise stated. 

Example 1 

A curable composition of this invention was prepared by blending 0.002 part of an anthraquinone dye purchased 
from Sanooz Chemical, Charlotte, North Carolina as Ntao^ast Blue 2B, (which is also known as CI. Solvent Blue ,1 04) 
with the following ingredients to homogeneity: 

97.5 parts of an organosioxane copolymer containing the following units, expressed in mo* percent: 94% dimeth- 
yfsilaxane units, 1 % dimethyivtrryteitaxy units. 2% trimethytsiloxy units and 3% mcnomethylsitaxy units. The viscosity of 
the copolymer was 10~ s rrtf/s at 25*C; 

1 .25 parts of a trimethyteiloxy-terminated polytf organosiloxane copolymer co nt ai nin g an average of 43 dimeth- 
ytsitaxane units and 4 rr«thyt(3-niercaptopropyl)sitoxane units per molecule: and 

1 .25 parts of 2-hydroxy-2-methyl-1iDh as the photoinitiator. 

The blended c ompo si tion was blue. A 1 0 g sample of the blue composition was passed through a UV-6 Single Lamp 
Conveyors ed UV Curing Unit manufactured by Cdight Minneapolis. Minnesota The conveyor was set at about Q.cn 5m/s 
(3 ft/rrvn) and the lamp was at 200 watts. The conrposition changed to light yellow and was fully cured. The cured sample 
remained yellow for at least six months. 

EXAMPLE 2 ^ 

An ultraviolet radiation curable sfloxane composition was prepared by adding 0.002 part of Nrtro-Fast Blue 2B to a 
mixture of 55.5 parts of a silicone res*i having the average siloxane unit formula 

(MeS©3,2b.5(Pr^^ 
which had a vinyl content of 5.2 weight percent a valtie tor ^provide an OH 

volatile content of 97.4 weignt percent and a viscosity of 14.5 Pa • s, 17.5 parts of an organic mercaptofunctional com- 
pound having the formula 



0 

i 

CH 3 CH 2 C( CH 2 0CCH 2 CH 2 SH) 3 



{trimethyfolpropane tri-(3-mercaptopropionate)} [TMPTMP], 10 parts of tripropylene glycol diacrylate [TRPGDA], 
5 parts of isabornyt acrytate [lBA], 3.08 parts of photoinitiator of the formula 
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I 

HO(CH 3 ) 2 C-C-C 6 H 5 



10 and 0.005 part of a UV dye fluorescent indicator, Uvitex OB. A sample of this mixture was blue and after exposing it to 
UV radiation as described in Example 1, it turned yellow and remained yellow. 

Example 3 

is A UV curable organic composition in accordance with this invention was prepared by adding 0.002 part of Nitro- 
Fast Blue 2B to 100 parts of a mixture prepared by blending at room temperature in a container which protects the 
composition from exposure to ultraviolet radiation, until the mixture was homogeneous Eberyt 4883. Ebecryt 230, QM- 
672, 2-hydroxyethyl methacrylate, alphas ^o-2-propenyl)^>mega^rOT^ ,2-ethanediyl) (M-113), 

trixytenyl phosphate, 2-hydroxy-2-methyl-1i3henytpropan-1 -one (Darocur 1 1 73), adhesion promoter (PM-2), diperrtaer- 

20 ythrrtol monohydroxy pentaacrylate. fluorescent dye, inhibitors and 1,1-bis-(tertiary-butylperoxy) cydohexane. The 
resulting composition was a conformal coating composition which cured both by exposure to ultraviolet radiation and by 
heating. The ingredients and their amounts were as shown as follows: 



25 





Percent 


Ingredient 




4.36 


Acryiated urethane preporymer, Ebecryt 230 sold by Radcure Specialties, Virginia 




28.8 


Dicyclopentenytoxyethyl acrytate. QM-672 sold by Rohm and Haas Company of Pennsylvania 


30 


7.6 


2-HydrQxy ethyl methacrylate, sold as Rocryl 400 by Rohm and Haas Company of Pennsylvania 




13.1 


M-1T3 soJd by Toagosei Chemical Industry Ca. Ltd. of Tokyo. Japan 


35 


4.36 


Trixyienyt phosphate, Kronrtex(R) TXP sold by FMC Corporation, Industrial Chemical Group 
Pennsylvania 


4.18 


Darocur(R) 1173, sold by EM Chemicals, EM Industries Company. Hawthorne, New York 




1;74 


Kayamer PM-2, sold by Nippon Kayaku Ca, Ltd.. Plastic Division. Tokyo, Japan, this is the mix- 
ture of phosphorus material having the formulae desa bed herein for the adhesion promoter 


40 


30.5 


Acryiated urethane oligomer, Ebecryt 4883 sold by Radcure Specialties, Virginia, this material 
is 85% acryiated urethane oligomer and 15 % tripropylene glycol diacrylate 




4.36 


Dipentaerythrltol monohydroxy pentaacrylate, SR-399, sold by Sartomer Company, Division of 
Sartomer industries, Inc., Pennsylvania 


45 


1.0 


1 .1 -bis^-butytperoxy)cycfohexane. SP-400P sold by Wttco Chemical. U.S. Peroxygen Division. 
California 




0.009 


Uvitex OB. fluorescent dye 




200 ppm 


HydfOQutnooa 


SO 


200 ppm 


Phenothiazine 




0.002 


Nrtro-Fast Blue 2B 



This mixture was blue and had a viscosity of 0.42 Pa * s at 25 f C. HAV. spindle number 3. 50 rpm. at 2 minutes. When 
55 this mixture was exposed to ultraviolet radiation as described in Example 1 . it changed to yellow and was fully cured. 
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Example 4 

UV curable conposrtiohs were prepared as described in Example 1 , except trie 2-hydroxy-2-methyl- 1 -pheny Ipropan- 
i -one were left out and another photoinitiator was used in its place as indicated below. The mixtures were prepared by 
mixing 0.79 part of the photoinitiators listed below with 49.5 parts ot the UV curable composition asdescribed in Example 
i but without the 2-hydroxy-2-methyl-l -phenylpropan-1 -one. The Colight system used to expose the samples to UV 
radiation was the same as descrtoed in Example 1. The results observed were as described below along with the pho- 
toinitiator used in each case. 

Sample 1 : Benzophenone : passed through the Colight system once did not cure or change color, a second pass 
through Ihe Colight system changed the color a little to a paler blue and the film was slightly cured, after four passes 
through the Colight system the blue was almost gone and the film was almost cured. 

Sample 2: 



0 OH 

9 I 

C.Hc-C-C-CH- CH- : 

6 5, 2 | Z 

CH 2 -CH 2 -CH 2 



passed through the Colight system once produced a good cure and the color changed to yellow. 

Sample 3: Oiethoxyacetoprienone : passed through the Colight system once produced a good cure and the color 
changed to dark yellow. 

Sample 4: A mixture of 50 weight percent 



0...0H ... 

1 1 

C,H<-C-C-CH- CH 2 

CH 2 -CH 2 -CH 2 



and 50 weight percent benzophenone : passed trirough trie Coiight system once produced a good cure and me 
color changed to dart yetow This yellow was trie same as observed tor Sample 3. 

These samples showed that the color change occurred with different Kinds of free radical producing photoinitiators. 



An ultraviolet radiation curable composition was prepared as described in Example 1 except l-amino-2-bromo-4- 
hydroxy-anthraquinone (Sandopiast Red 2B powder, made by Sandoz Chemicals. Charlotte. North Carolina). The com- 
position was red in color before being exposed to ultraviolet radiation by passing it through the OohgM system as 
described in Example 1 . After the exposure to the UV radiation, the composition was cured and had changed color from 
red to yellow. The color did not return upon standing. 

Example 6 

An ultraviolet radiation curable composition was prepared as descrtoed in Example 1 except a disazo dye sold by 
Sandoz Chemicals, Charlotte, North Carolina as Nitro Fast Yellow B powder (also known as CL Solvent Yellow 30. CX 
21240. has a formula CtHm^O, and a CAS number 3321-10-6). The composition was dark yellow «i color before 
being exposed to ultraviolet radaten by passing it through the Colight system as descrtoed m Example 1 . After trie 
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exposure to the UV radiation, the composition was cured and had changed color from dark yellow to very pale yellow. 
The color did not return upon standing. 

Claims 

1. A method of indicating a cure point of an ultraviolet radiation curing composition which comprises: 

adding a non-cure inhibiting amount of a dye-wrth a visible color to an ultraviolet radiation curable composition 
comprising a photoinitiator which generates free radicals upon exposure to ultraviolet radiation and a composition 
which cures upon exposure to ultraviolet radiation which consists essentially of a silicone resin having a general 
average unit formula 

R'cSiCVov* 

in which each R 1 in each unit is independently a monovalent organic radical where at least 10 mole percent of the 
total R' are phenyl radicals and at least two R' per molecule are aliphatic unsaturated radicals which react with 
mercapto functionality and £ has an average value of from 1 .2 to 1 .8; an organic mercaptan composed of carbon, 
hydrogen, sulfur and oxygen in which there is at least two mercapto groups per molecule; an acrylate monomer 
having at least one acrylate group per molecule in an amount of at least one weight percent based on the total 
weight of the composition; an effective amount of a free radical inhibitor to delay gellation during storage, the com- 
position has more than two aliphatic unsaturated radicals per molecule in the silicone resin when the organic mer- 
captan has two mercapto groups per molecule or more than two mercapto groups per molecule in the organic 
mercaptan when the silicone resin has an average of two aliphatic unsaturated radicals per molecule or both more 
than two aliphatic unsaturated radicals per molecule in the silicone resin and more than two mercapto groups per 
molecule in the organic mercaptan and amount of silicone resin and organic mercaptan being such that there is 
from 0.5 to 1.5 aliphatic unsaturated radicals in the silicone resin for each mercapto group in the organic mercaptan, 
and 

thereafter exposing the resulting composition to a dosage of ultraviolet radiation which causes the visible 
color to either disappear or change to a different cola indicating that cure has occurred coinbdentaily. 

2. A method according to d aim 1 wherein the silicone resins comprise from 20 to 40 mole percent monophenylsilsesqui- 
oxane units, 1 0 to 20 mote percent morxxnethytsiteesquioxane units, 20 to 35 mole percent dimethytsiloxane units 
and 1 0 to 30 mole percent methylvinylsiioxane units. 

3. A method according to claim 1 or claim 2 wherein the organic mercaptan is trimethyiolpropane tri(3-mercaptopn> 
pionate). 

4. A method according to any of the preceding claims wherein the free radical inhibitor is selected from p-methoxy- 
phenoi. phenothiazine and mixtures thereof. 

5. A method according to any of the preceding claims wherein the ultraviolet ratxation curing composition comprises 
a silicone resin in an amount of greater than 35 weight percent from 5 to 30 weight percent mercaptan compound, 
from 1 to 25 we i gh t percent acrylate compound, from 1 to 4 weight percent photoinitiator. less than 0.05 weight 
percent free radical inhtoitor and optionally, from 1 to 5 weight percent of organic peroxide. 
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